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process for the 

production of normally UJ" ^ ^ lntegI .ted, 10»-cost 
carbonaceous feed, .spec hydr[> . 
pIOM ss for -J^ ; assMiated ga5 . t remote 
carbons from natural , pla tfor»s. 
matrons as w.U "^^'J^ processes - the 

M a„ y documents ar nac . ous £ae dstocks, 

c „„„ersion «£ «»«" t h ; ana/or asso ciated gas, 

specially methane »»» « Mtha „ ol ,„d 1*< 

hy droc.rbons, P""™ 1 " 1 *' is Mde to remote locates 
this respect often no dlrect u se of the 

g ,s is possrble. Tr.n.P iwi „,„„! 9«, 

, pipeline or in the for. ^ „„ 6t is 

— ^ ~ » - - r ds 

not P"'""^ f * productio „ rates and/or fields. 
«l.ti«ly P M the cos ts of oil 

Rejection of gas ^ assoclated gas. 

paction, "° d "» y ;;" cts on the crude .11 production. 

»«» " ^"Htd 9 as has become an undesired option 

, „^:u p h front an ui-j- ^ 
„ e th.nol has been „„ integrated, 

£ial d using « "°"; n ; t ;;; ss sche »e has been described, 
efficient, l«-co« process ^ ^ 

» "° " /inl8 f Tan o t f store oil and gas field has 
oI , «ell stream from » • d ^ syngas 

«.„ described. Natural gas 


PCT/EP98/06180 

WO 99/15483 

- 2 - 

n „n in an autothermal reformer, a 
using pure oxyge „ . ^ ^ adiabatic steam 

combination of part a consi derable amount 

o£ carton epoxide) is con ^ ^ a ^ 

,„d wax. *> -« 9 " t ; c d es P s u desoribed in this 

decent. «W< * 13 migration possibilities, 

natural gas, particu y ^ ^ 

(including associated gas), x 

Uguid hydrocarbons suitable for fue 

i ot-her However, no i» Lc y 
me thanol/dimetnyl ethe- ^ ^ 

efficient, lowest process d for tne 

a M 170 a process is descriu 
" /heavier hydrocarbons fro* one or more 

production of heavier y nydro carbons: are 

g aseous II*. bydrocarbon . The ^ ^ ^ ^ 

converted into •^J^,,,.. < io xide and steam. 

" ^ ^rZe y grated, efficient, low-cost 

However, no lenei-yy 

M object of tne p „ rr „-ess- and energy- 

5 efficient, 1* coat, compact, p ^ ^.^ 

integrated proee ; „ .c erne *> 

pageable, >»^^ preferably not producing 

hydrocarbons, the tot * referred embodiment, in 

any poUuted process • used , especially 

30 which catalytic parti. 

with oxygen enriched ^ fflM are produced 

technology, ^ ^ process and process 

in , once through, (proven) ^ inJKted 

water from the hydrocarbon synthes P ^ 
J5 in an expanding/combustion step. 
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making it very 

or ln , dis«o»nt.ble O 1 '"'. „ lst „ to a process 

T he present invention ther ' ^ fr0 » . hydro- 

£ot PI -^; MS! prises the — 

carbonaceous reeu 

steps: hydr ocarbonaceous feed at 

<i) P" tial OXidatl0 ; u r and pressure usin, a 

synthesis gas; synthesis gas °»"lned 

IU) inching and,or ~ ^ J in step ,U1> as 
in step (i) wlth wate 

described below; of the 

Uii. -*tl«n, t :; ed lB step UU « 

synthesis gas mature Mmilly 

— b ° ns 

liquid hydrocarbons, no 

and water; least pa rt of the 

-»> — di " 9 a r,':i i^r-is » p— — 

normally uy separating the 

£ or ' in step .1) , and 

oliy gen containing wtWt obtain ed 

" '"^ri: thre.pan.ing/^stlen process o, 

step U l > iU 

st ' P ' iVl ' .lates to the normally liquid 

The invention also relate ^ 

0 bVdrocarhons as produ^-^ e „nts as her.inarter 

above or any 

described. t invention is that 

» „»ior advantage ot ^ „„ 

r^tively -^^ocarbons "« ^ 
be used to convert Ugn 
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~a if desired energy. 

Fu rther •» "^-^ embodi „ent no contaminated 
gained, m . ^ In anot ner preferred 

effluent »ater » P „„ ver sio» Igas into 

syn crude, = nomall y U,uid hydrocarbons, 

j„ addition, by producr g oU and 

thes e hydrocarbons may be rn^d 

transported together. . s Mthane , 

natural gas, assorted gas or 

«f e rablv associated gas. 
hyd rocarbons ( P"*"^ 1 ^ than 90 v/v%f especially more 

comprises mainly, i-e. „„ oecia lly comprises at 

q j o Cl , hydrocarbons, especially 
than 94%, C1-4 Y Dre ferably at least 

/ „ e rrent methane, prerej.a j 
least 60 v/v P« cent , 0 p « rce „t. very suitably 

„ percent, -ore P".™* 1 * P used . Sultab ly, any 

-«»' «" M " S r t I, is e-ed in - absorption 
sulphur in * f-^ and/ot Ilnc oxid .. m so»e 

tower, "^^iated gas uprises 

o.s.s th. natural or .»=■ ^ ^ ^ „ ^ 

di o*ide and/or nitrogen g^ ^ ^ ^ 

25 v/v percent of eacn 

feed - • -h hvdrocarbons mentioned in the 

The normally Uquid hydroca bons , mo re 

„t description are suitably C 3 -40 K 

present desc^F . rc ^ 

lurtably C, 24 « 
rtrtuIM thereof. The- V ^ ^ ^ . c (j ^ _ 

a re ii^id .« ;;!« ° b r, , and usuelly are para.nnic 
especially at 20 I £eEably up to 5 »t%, of 

of nature, pounds »ay be present. 
eitMr olefins or oxygen £eeds tocfcs, pro- 

ducing mixtures 
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. +n various established 

- - ru ****** 

pI „« SS «. «— PI0CeS " S su ;;. y of thl. pro""' =» - 

PP 86-90. the catalytic partial 

Much preferred processes ar ^ ^ ^ ^ t 

oxidation P- CeSSeS a ; S 6 d ; 9 SC 578, 645 344, 656 317 and 

plications 576 096 29^8 structures , 

773 906. Suitable bed struct. ^ ^ ^ ^ 

especially ceramic foams,^ structures may 

structures may be use . ^ te m P erature 

comprise inorganic materia ^ of 

resistance, selected ^ the lan tnanide group 

Croups Ha, I"- ™» ^ £lements , preferably 

of th e Periodic Tab- of ^ ^ qe ^ like of 

sel ected from oxides, c co ^ inations . 

2i rconium, lanthanum ^ is zir conia 

Preferably the Suita ble active metals 

especially stabilised zircon ^ 

fo P r the CPO process ^ rhodium and iridium. 

ir idium, and ruthenium, usually be tween 700 

,rtial oxidation temperature pre ferably 
The partial o n 8 00 and 1200 ^, V 

and !300 -C. '^.^Z the pI essu« 1. —"I' , 

beWee „ .so and ioso c j w , w 10 an a 

bet „e«n 4 80 b.. a— ■ and 40 ba r 

^lut.. The 9 as — 1» 81/1/h „1 « 

the ran,, of 50.000 »^ 0, l ' Mr) , pteJe » bl , 500,000 
litrw at STP, lf0 00,000 to 

„ ,0.000.000 1 y ontaini „ g o„ i. >« 

2 „,000,000 *» My5 ; t of 01I „ en) , or o*y<,=n 

^cainin, about 21 t0 ,0 oercsot o £ 

eMirt aa "»» bl ^r n "; o ;to 60 „1- P «cant 

35 oxygen, more f 
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„ 30 and 40 percent of oxygen. Oxygen 
preferabl y .etwee 3 n ^ ^ 

enrich ed a -J " P oduced by a ^rane - process, 

bu t is P referablY a P s r described in WO 93/06041. 

th. Pro---. ^ in the syngas , carb on 

To adjust the H 2 / ^ ^ 

dioxi de and/or steam may * * ^ ^ ^ ^ based on 
oxidation process. voi ume, more 

the ,„o»„t of .„*«. p" £ " a o b f iy ei u ; h ;; catbon dioxid8 0 « 

preferable «P « " VOl °"°' , 8uitab le steam source, 

water produced in the ny from 

b e used. Tfc. „ .„d 2.1. « 

"""I Ismail, additional amounts of hydros may be 

desired, Ismal ) preferably in 

ma d. by steam methane re ^ carbon 

^T^tZ'L^ together .i«h the 

B cno*ide end carb ^ arbon synthesis 

hydrogen may b. used efficiency, 

taction or cycled to rncr a th 

^i. „ rr ,f.pss as simple as y« 
To keep the process a preferred 

. rhire will usually not De o ^ 
hydrogen manufacture wn 

option. „. , the H9/CO ratio of the syngas 

» another embodim- ^ ^ decreased 

obtained in the catalytic OKI ^ ^ ^ ^ 

by removal of hydrogen from the sv * ^ 
by conventional "^^J^ optio n is a separa- 

use a two-stage Fischer f the first stage, 

tha n mixed with the ^ ^ ^ 

and together introduced xn the 
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„ s c„e r -Tro P5 C p , Itlal oration 

t .„p«»t«e and the us, of ja* ^ , sh , 

slag, soot or tar, d pressur e, 

low pressure drop, very y h . gh degree of 

The percentage ot y ^ ^ Qf fche 

conve rted in by weight and preferably 

invention ^ fay weight . 

80-98% by weight, more p ^ f . ^ step _ s 

The synthesis gas obtain ^ ^ 

cooled to a tenure ^ ^ ^ 

between 150 and 450 C P ^ ^ ^ hydrQ _ 

400 -C, by quenching with wate ^ ^ 
carb on synthesis step, ^ench, ^ especially 

spraying the water « tQ terope rature S 
by d irect i-ec-on. ,u ^ ^ ^ 

between 40 and 130 C p exchanger , especially a 

is done in a conventional h^ ^ quenching/ 

tubular heat exchanger. procesS . To remove any 

. c a we ii known prior art pi 
cooling is a wen ^ may be used . 

jz ^ i-hp svnqas, a gua^ 
impurities from the ay g ^ ^ ^ 

specially to remove all ^ 

f active coal may oe 

r — — - - — — ^ 

iron arv d/or zinc oxide. 


PCT/EP98/06180 


WO 99/15483 


- 8 


10 


15 


20 


25 


30 


35 


nnrified gaseous mixture, comprising 

The optionally P- f - d J monoxide and nitr ogen, is 
pred ominantlV h V-o n ; « b ^ ^ 

contacted «xth a suitable ^ hydro . 

conversion stage xn wh xdb ^ ^ ^ ^ 

carb ons are formed^ at 

syngas is contacted wxth th ^ 
Xeaat 80%, more preferably at least 

pre fera b ly all tongas conversion c f 

The catalysts used mon oxide into 

the mixture comprising ^ 

hydr ocar b ons are Known _in ^ cataiysts ^ 

""""rn c - opsch h ydrocar b on syndesis process 
use xn the Fxscher P ftlly act ive com- 

frequently comprxse, as Table of 

ponent, a metal from ^ metals include 

Slements. ^^^J. Cobalt is a preferred 
ruthenium, iron, cobalt an 

catalytically active metal. ferably sup- 

• .iiu active metai j-=> 
The cat.lvt.cUy act* My be 

potted on a porou ■ «™ ; iefriC tory metal oxides 

selected from any of the >u ^ ^ 

or silicates or ^ 1„ 5 carriers include 

— " ^ Pl r it : , conia, ceria, g allia and 

silica, «l™a«. tlta " .. v sllica and titania. 
„ixtures thereof, ^ Be tal on the 

Th e amount of cat.lyt-U, act } ^ ^ ^ 

carrier i. preferably » "° 9 bly ftoB 10 

mo obw of carrier material, more pr 
per 100 pbv M 
t „ 80 pbv., espedally from ^ or 

I£ desired, the catalyst may also <" 

„ore metals or -"^t^T^ „». «». 
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zirconium, hafnium, thorium, 
lan thanum, cerium, are most 

ura nium, vadium, ^ ^ y ^ £ . trtd metal oxide 

sui table te ; S cat P ;;; st used t0 prepare the waxes for 

pro moters for - ^ ^ and zirconl um 

use in the present inven selec ted from 

oxide . Suitable -UI P^ Table . Rhenium and 
Gro ups VIIB or s th ; r ; partic u la rlV suitable, .ith 

Gro u P VIII noble met3lS ^ P especiall y preferred. The 
pla tinum and palladium being P ^ suitably in 

am ount of P--"-;; :\: 0 pbw , pr eferably 0.1 to 40. 
th e range of from °- 01 bw of ca rrier. 

mor e preferably 1 tc , 2 0 * - £ ^ ^ promoter , if 

The catalyt.cally act by any 

pr esent, ,ay be depo ~ ^ kneading and 

- itabie tr ;;rd'epr S ition of ~* - ai the 

extrusion- Mtec caliK material, the 

appr o P ri»te, the P«»°« ; n sobjected to „lel»tl» at . 

temperature o£ generally ^ 55() . c _ Tha 

teBpeES ture i« the range of I ^ ^ crystal 

e£f ect ot the — " d : oBp o S U i on prooucta aho 

to ^-«";;;;* t notganic c »poun» 5 » th.it 

to =»- rt ° ig *; 1C calcination, the resulting 

-pective oo „ tactl „ g the catalyst ««h 

cata l y st .„ * « ""^^ - -P-aUV at 
hyd rogen or a hy 9 ^ 
tempe ratures of about 200 ^ 

Th e catalytic conversion proc ^ ^ ^ 

und er conventional - * ^ * a 
TyP ically, the catalytic c ^ ^ ^ ^ pre . 

teraperat ure - -;;- e 0Cf more prefe rably from 180 to 
ferably from 150 ^ ^ catalytic 

2 ,0 -C- t0tal the range of from 1 to 200 bar 

conversion process are ^ ^ ^ absolute . ln 

abs olute, more preferably 
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lpast 50 wt% 
nrnress mainly (at least 

t he catalytic conv eraion ocatbons .„ for„«d. 
of C5+ , pr.ferabiy ™ «*> ^ » u used , u hich 

Preferably, . FlscM of pa r.ffins, »ore P«- 

yield , «"t»tl.l ^» . A part Bay 

f erably substantially so - c »lled 

boi l above the WiU ; 9 t P r; 5 Huea to *eep 
mi ddle distillates, but it tM!ject to 

datively «U to avoid proble ^ 
„«„all» solid ris eh.r-Trop S ch 
this purpose is . cobalt „ u3ed herein, 

catalyst. The tern, "-"die <U rt ^ of .hich the 

ls a reference to hydrocarbo ^» ; y to lh at of 

boiling point --^^ lB a convention. 
Kerosine and gas oil ^ oU . The 

at „ 05P heric - : --;;:;; dle ^ — > 

boiling point range ^ about 360 °C. 

wi thin the range of a*>» hydro carbons , if 

Th e higher boiling range p cata lytic 
preS ent, be i--^^, the art, to yield 

hydrocracking, which cata lytic hydro- 

lh e desired kiddie o^l ^ tha para££ inic 
cracking is earned out by je and „ 

hydrocarbons at elevated contai „i„ 9 one 

th . presence * activity, and sup- 

ported on a carrier. se lected from 

t„clude catalysts ~^»^ Table cf E le K e„ts. 
Groups VIB and VIU of th OM or 

Preferably, the hydrocracking cat » ^ ^ ^ 

Mie noble »etals '» «^ -f ' roth eniu„, ir«i- and 
«. Plating, palladia, r*»di • ^ ^ ^ hydro . 
d s»iu». Host preferred c To ^ th e 

c -:r .r:iu. e .. - -™ kiM - iu 

irily not be a P—d option. 
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• nv active metal present in 
The amount of ""^"^ ""^ „ide limits 
tM „,„ t ocrac,<ing catalyst . ^ q,05 to about 

and i5 tVPioaXlV - -; arts by weigM o£ the carrier 
5 parts by weight per 

material. catalytic hydrocracking 

Suitable conditions for the cking is 

. <-v^ art Typically* _ nt 

are known m the art . YP ^ ef frQm about 175 

effected at a temperature ures applied in 

t0 40 0 Typical M^ J range of from 10 to 

the hydrocracking process are 

250 bar. d adv antageously be 

Th e process *ay conveniently through «) devoid of 

ope rated in a single pass ^( ^ ^ „ be 

rarvc le streams, tnua process 
any recycle relat ively low cost. The p 

»»V »■ "" ied °° .„ In t „e case of am.ll hydro- 
parallel or in serres. » „ eI . rBn c. »1" »e to 

i» b o M =ao U9 --"7\™;;:;:=to IS , -U»t, 5 

- ° niy oM r : e d r«.cto r s « « - - 

W reactors and fix „ e£eI red option. 

£lxed bed reactor born, 

Th e product of the y lbons , besrd. 

ccprrses ma.nly "^"^^^bons. By selecting the 
„.«« and normally ln soch , „.y that 

catalyst and the ""^carbons are obtained, the 

e5 p e ci,uy »»--;, s rrr:; - 

pt „duct obtarned ( sy ^ of ^ oll 
Ucuid form or be mixed th y f . cation ,„„ or 

Bithout creating any problems ^ ^ ^ 

nf the mixture, it 

crystallisation of t hydr0 c a rbons, 

aspect that the product- less suita ble 

comprisino large 01 ^ trans p 0tt u the li,»id 

£oI mixing »" h ""^^ temperatures, «hich is 
£ crm has to be done at 
le5S desired. 
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u « the process water obtained in the 
As indicated above, the pro 

k Tropsch synthesis, comprising small amou 

- p - pionic 

especially form alcotlols) a „d ethers, e.g. 

dimethylether, is used in the q ^ ^ 

synthesis gas obtained ix > the , and 

T he amount of J"^*^ pie£erably at X...t 

6 often «t„een 2 and 5 ^ ^ 

m — ot o£ : i t i: : ; t -est 8 » ^ -» 

cooling, more preferably 

preferably at least 95 aateI o£ t he hydro- 

In another e^odiment «» £~ inttoduced in 

cerbcn synthesis step - ^ Mrbon 

the feed for the P«« alcoh ols, are 

containing compounds .or ^ 

w „t in the partia o d ti ^ ^ ^ ^ y 

th « carbon .««"^» ln the case that water 

possible damage of tne t lnt roduced in the 

Led in the quenching/cooling step r» in ^ ^ 

£e ed for the --^"'^H ™ T ne cess a r, . it is 
res er,oir comprising ,clean> ^ ^ ^ ^ 

observed that such a reseIV0 ir water is used 

start of the whole proces The re ^ 

i5 used for ^^«°°^Z to the reservoir .from 

f It to the expansion/combustion step. 

„»ectly Sent " a 0{ the reservoir water may be 
Additional cooling of the 

„ecessary. hydI „c.rbon synthesis may comprise 

*" °" Tus hydrocarbons produced in the synthesis 
normally gaseous " Mthane and other 

process, nitrogen, m ~ n d cit bon monoxide, 

s feedstock hydrocarbons, uncon 
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water. The normally gaseous 
carb on dioxide, ^drogen - ^ pre ferably 

hydrocarbons are suitab ^ ^ 
Cl _ 4 hydrocarbons, -re ^ ^ at 

T hese ^- a 7; S ' 3 ;;T b ar) ( especially at 20 'C U 
tempera tures of 5-30 ds , ,. g . methanol, 

bar) . Further, oxygenated comp ^ rff ^ The off ga s 
dimethylether, may be ^ of elec trical power, 

is to be utilised for the prod- ^ 
in an expanding/combust.on P-e ^ ^ ^ tQ 

in the process may be used fo ^ ^ used for 

local customers Atr st y par ^ ^ it 

the compression enric hment of the gas, 

BlgM be used — «~ ^ , t 1M . t 

especially by — b» M generation, 

still „ore P"'"" 51 *;" „ ,«„,„,>« P™er » " 

ftn attractive method for , ^ ^ lh . 

combined g as J rt »./.t- "rbina 

principle of operation ot th 9 e . $ £ . „ t 

"syste* is that the "-^^ then expanded in tne 
coasted, the co^s-on j ea ^ ^ ^ 

ga s turbine, thereby theteafter used in 

e«haust 9 as «. ^ •» , t „. W stea. thus 

tM production of turbln e and produces an 

generated is expande » . o£ ^ kind a re 

.cditional quantity of PO- ^ odiM „ t the process 

k „0«n in the art. I. • P^« step is added to the 
„«r of the hy d»<*>>» ■ ^ oce3S . The process 

..tar »ay be added direct y 

o.uenchinc./cooHn, st*P ™ ^ ^ ^ ^ st s 
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r SO ,«.«.»»» 10,) .««r «. a, cooUn, in 

synthesis off gas. i se paration techniques 

• v>,a art for example by membrane sep 

m the art, iw recirculation of the 

carbon monox.de stream conv ersion of 

carb on synthesis unit, « > x« - * ^ 

sta rting -V--^^^ rf i ess energy Cpo-., is 

hydrOCa rh S ch S wU be advantageous in remote area's with 
prod uced «^ 1 6 d _ Further , an 

n0 direct use for the po ^ ^ to fcune 

additional stream xs ° btained effi ciency of the 

the h 2 /C0 ratio. To increase the carbon 

further, also carbon dioxide may be 
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